Abstract. This paper considers the nature of carbonaceous surfaces, the means by which they are activated, the nature of some functional groups that they support, and some reaction mechanisms that may be involved. Because of the strong affinity of carbonaceous surfaces for organic species and because of the ease with which compounds in a high oxidation state can oxidize the carbonaceous surface, it is highly likely that carbonaceous aerosols are interacting chemically with a range of organic species in ways that have, as yet, not been fully characterized but may significantly affect the oxidizing capacity of our atmosphere. If HONO is formed on the surface of carbonaceous aerosols then this could be a significant source of HOz as HONO is readily photolyzed to give OH, and it could explain the large values of HONO often observed in the troposphere. In general, the reduction of NO• on carbonaceous aerosols is an important consideration, and it is addressed here.
Introduction
Carbonaceous aerosols (soot, charcoal, elemental carbon, etc.) are one of the most ubiquitous materials in our atmosphere. All combustion processes lead to the formation of carbonaceous material. As a result, between 10 and 50% of tropospheric particulates are carbonaceous, with particularly high levels being found in the urban atmosphere. Because of air traffic, carbonaceous aerosols (CA) are also found in the stratosphere. In his excellent introduction to CA, Goldberg [1985] [Cope, 1979] . In addition, they can contain They may have similarities but also important differences. One should not necessarily assume that CA are 100% carbon, or that they are crystalline with a well-known structure, since they are often incompletely burned biomass with a complex and varying composition of organic phases.
Although carbonaceous materials can vary considerably in their chemical reactivity, they do have several features in common. They are all carbonaceous, they can all be oxidized, they have a wide range of surface functional groups, and they typically have large surface areas.
Sections 2-10 consider the nature of carbonaceous surfaces, the means by which they are activated, some functional groups they support, and some reaction mechanisms that may be involved.
Nature of the Surface
A surface of carbon, or carbon plus hydrogen, is strongly hydrophobic. The presence of oxygen makes the surface more hydrophilic. CA may be acidic or basic depending on the way in which they are formed. Exposure of black carbon to temperatures between 200 ø and 400øC yields an acidic surface whereas treatment at higher temperatures in CO2 followed by exposure to oxygen produces a basic form [Goldberg, 1985] .
CA found in the environment are usually formed at high temperatures and come from a variety of sources, such as the combustion of plants, woods, fossil fuels, and industrially produced substances. The properties of the CA, such as the surface morphology and size distribution, reflect their origin and their history since they left the place of formation. Small submicron particles have usually been formed from combustion in the vapor phase (e.g., the combustion of a gas), and the larger particles which are bigger than 10/•m reflect the structure of the burnt material, the so called char. Both may come from the same source, such as the combustion of plants and other biomass [Goldberg, 1985] . A detailed review of the chemical and physical properties of many carbonaceous materials can be found in the work of Mantell, [1968] .
In CA the elemental carbon may be considered to be a disordered form of graphite (whereas the organic carbon content can not be thought of in this way). The degree of ordering within the carbonaceous material is reflected in a number of its properties. e.g., the density of a single crystal of graphite is 2.25 gcm -a, the density of coke is 2.05 gcm -3, and the density of carbon lamp black is 1.90 gcm -a [Mantell, 1968] . Another example is the heat of oxidation of graphite to CO2 which is 32621 J g-•, whereas the heat of oxidation of amorphous to CO2 is more 33104 J g-•, and the heat of oxidation of wood charcoal to CO2 is greater still at 33807 J g-• [Mantell, 1968] .
X-ray analysis of carbonaceous material shows that it has a graphite like structure with randomly orien- Condensation properties of ultrafine carbon particles in the Aitken range (particle diameters between 20 and 100 nm) were investigated by Kotzick et al. [1997] . They studied condensation phenomena with dry monodisperse soot aerosols. After reaction with ozone, activation of soot particles occurred at lower supersaturations. Fourier Transform Infrared (FTIR) studies revealed that oxygen-containing functional groups are generated on the particle surface during oxidation, facilitating water uptake in the condensation process.
Lainreel and Novakov [1995] found that the nucleation ability of chemically modified carbonaceous particles increased with increasing soluble mass fraction and was comparable to that of (NH4)2SO4 when the soluble mass fraction exceeded about 10%. The hygroscopicity of particles generated by combustion of diesel fuel in a diffusion flame increased when a sulfur-containing compound was added to the fuel. The CCN characteristics of diesel soot appear to be comparable to that of wood smoke aerosol. Karcher et al. [1996] analysed the primary contrail particles (aqueous solution droplets nucleated in situ, emitted insoluble combustion aerosols, and entrained background aerosols) and found that soot must be involved as ice-forming nuclei if the visibility criterion is to be fulfilled.
Surface Activation
Industrially, the basic method of activation is the introduction of further amounts of oxygen into the surface of carbon. This is done by submitting the carbon surface to oxidizing agents. These are either gaseous oxidizing agents, such as oxygen, ozone, air, water vapor, carbon dioxide, and nitrogen oxides, or solutions of oxidizing agents, such as nitric acid, a mixture of nitric and sulfuric acid, hydrogen peroxide, acidic potassium permanganate, chlorine water, sodium hypochlorite, and ammonium persulphate. Our atmosphere is a strongly oxidizing atmosphere that contains both categories of oxidizing agents in significant quantities. Therefore it should be perfectly able to activate, and keep activated, any CA that are present. Jankowska et al. [1991] reports that even a carbonaceous surface activated with ariel oxygen has many oxygen-containing surface functional groups.
Carbon oxidation is a complex heterogeneous process. Though the exact mechanism for the overall process is not fully understood, the reaction of carbon with oxygen can be written stoichiometrically as the following 
Surface Functional Groups
All carbonaceous materials, even pure materials like diamond and graphite, contain surface functional groups [van Driel, 1983] It has been found that there are various types of carbons: those produced at low temperatures that typically have a negative surface charge and acidic behavior, and those produced at high temperatures that typically have a positive surface charge and basic behavior. The surface groups are found mostly at the edges of graphite type basal planes, which supports the idea of electronic interaction between surface groups. The acidity of one group influences neighboring groups and an overlap is possible between acidic strengths.
On air oxidation the carbonaceous surface becomes more acidic and therefore more polar. This is probably because of the formation of monocarboxylic or dicarboxylic acid groups [ van Driel, 1983] . The reducing properties of activated carbon are slightly decreased by oxidation, perhaps owing to the formation of hydroquinone groups [ van Driel, 1983] . Carbon groups at the rim of the carbon plane are destroyed, and C=0 groups are formed in a yet unknown configuration. The carboxyl surface groups make the CA acidic, and so they can take up greater quantities of ammonia, something that may be relevant in the troposphere. Nob howed that there was a relation between ammonia adsorption and the presence of surface carboxyl groups.
Smith and •hugtai [1995] used FTIR spectroscopy to study the structure and reactivity of black carbon (in the form of n-hexane soot). They found that the soot structure, as produced by high-temperature incomplete combustion is predominantly aromatic with a surface coverage by oxygen-containing functional groups of about 50%. $ergides et al. [1987] also found that 50% of the CA surface was covered by oxygen containing groups and that the ratio of aromatic to aliphatic carbon in n-hexane soot is at least 9:1.
Mechanisms for Surface Reactions
The active sites on carbonaceous surfaces are thought to consist of carbon atoms that are not exerting their full valency. For example, the carbon- Compared to soot that has not been exposed to after 300 hours the ozonated soot experienced a de- [1996] have also come to the same conclusion from the TRACE A campaign. In the 8-12 km region these work- 1E-14  1E-13  1E-12  1E-11   2  3  5  2  3  5  2  3  5  2 
Entrainment Within Liquid Drops
Since oxidation of the CA makes them hydrophilic, it is very likely that CA will become incorporated into liquid drops, whether these are rain drops or sulphate aerosols. This is what is observed [e.g., Karcher et al., 1996] . It is also found that soot embedded in a liquid coating containing H2SO4 and HNOa triggers heterogeneous freezing of water ice and leads to visible contrails [Karcher, 1996] .
For a reaction to occur on a CA embedded within a droplet, several mass transfer steps must take place [Seinfeld, 1986, Hanson et 5. If a chemical reaction occurs as these processes happen sequentially, the overall rate is the rate of the slowest step. In the case of CA for molecules such as HNOa with large Henry's law coefficients, the slowest step is likely to be the transfer across the gas-liquid interface or the reaction at the CA surface embedded in the drop. Even so, this is still quite rapid, occurring on the timescale of a few seconds. For molecules such as NO2 and Oa with small Henry's law coefficients, the slowest step is likely to be the reaction at the CA surface embedded in the drop. For droplets with a radius of less than a/•m, diffusion of the dissolved species within the aqueous phase is rapid.
Therefore the fact that CA become entrained within droplets does not necessarily mean that they will no longer be effective in chemically processing the surrounding air. However, a relevant question which needs further kinetic investigation is how reactive will the carbonaceous "core" be once entrained within a liquid aerosol?
Summary and Suggestions
Carbonaceous aerosols are readily oxidized in the atmosphere by both gas and aqueous phase oxidizing agents. In the process the oxidizing agents are themselves reduced, something that in some cases does not rapidly occur in the atmosphere. e.g., HNOa is reduced to NO2 on carbonaceous aerosols, something that will normally occur only slowly by reaction with OH or by photolysis.
The oxidation of the carbonaceous aerosols leads to the formation of a range of polar surface groups, such as carboxylates, which cause the carbonaceous aerosols to become more hydrophilic and acidic. As a result, they can act as effective cloud condensation nuclei. Newly 
